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Abstract
The reasons that icing of aircraft leads to an accident are diverse. Ensuring the aircraft to take off clearly is the 
important factor of giving support to flying safety. Human factor is one of the important factors which have caused 
the accidents. In this paper, because of the complexity and uncertainty of human factors, we introduce Analytical 
Hierarchy Process (AHP) to create weight model of human factors by analyzing and deciding importance of all kinds 
of human factors. Based on this basis, further study on assessment of human factors in aircraft icing accidents is 
developed, and the arrangement in importance order of human factors in aircraft icing has been given according to the 
given weight distribution of human factors. This paper provides reliable basis for equipment improvement and 
personnel management.
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of Airworthiness 
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1. Introduction
In winter, the ice, snow or frost will be found on the surface of aircraft and they will destroy the well 
aerodynamic characteristics of the surface of aircraft, which is injurious to flight safety. The aircraft 
which has been contaminated by the ice, snow or frost is not airworthy and must be treated with de-icing 
and anti-icing. The FAA’s records of freezing between 2004 and 2005 show that if the icing thickness of 
the leading edge of aircraft wings, the rate of climb will decrease by 500 ft/min and the cruising speed will 
decrease by 40 km/h[11]. For some models, the safe flight pre-stall warmer will even likely be out of order. 
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Therefore the icing of aircraft is the important factor of flying safety. In 2003, the research on the 26 
accidents and the unsafe occurrences relating to icing indicates that 15 of them happened in the flying 
course (approaching and landing included), 10 of them happened because of incomplete de-icing or icing 
before taking off, and 1 of them has not been introduced in details[11]. In general, the period of the aircraft 
icing could be divided into two forms: ground maintaining period and icing during flight. However the 
final causes why the aircraft ices or the aircraft takes off with icing on surface are intricate, because they 
are affected by two forms together and can’t be attributed to one form. For example, the accident took 
place when one Douglas DC-9-140 was taking off in the American state of Colorado on Nov. 15, 1987 
and that claimed hundreds of lives. On 10 Mar. 2003, one Fokker F28-1000 crashed and was cut into three 
on Ontario, Canada when it was taking off and there were 69 passengers of whom 24 were killed. The two 
accidents were credited to the aircraft icing and both causes of 2 aircrafts’ icing included 2 forms: the 
secondary de-icing before the aircraft (ground maintaining period) took off was neglected and the captain 
didn’t turn on the ice removing system [6]. So we can know that the reasons that the aircraft freezes are 
diverse and commonly have to do with operators. But because the human error has characteristics of 
uncertainty and difficulty of being quantized, the reasons which are included haven’t been analyzed 
concretely.
The AHP is a kind of method by which the complex problem that is difficult to be quantized is 
converted into a series of simple problems that is easy to be quantized by downward depth profile analysis. 
This method is very commonly applied to the analyzing and evaluating problems of complex system[2]. 
Based on consulting the relevant literature, taking advantage of characteristics of AHP, which is suitable 
to Multi-Criteria and multiple- objective decision analysis into complex problems, this paper analyzed the 
human factors of the aircraft icing and on this analysis base that made clear the included factors and 
interrelation of these factors, then gave the weights of all kinds. Consequently, we can pointedly pay 
enough attention to the human factors which might happen in future to avoid the future tragedies.
2. ANALYTICAL HIERARCHY PROCESS
2.1. The concept and the principle of AHP 
AHP, which is a kind of method of multi-objective decision and combines qualitative and quantitative 
analysis, was firstly created by American scholar Saaty[7]. The fundamental theory of AHP is that the 
complex problem was decomposed into composing factors, which are grouped hierarchically according to 
their administrative affiliation.
The establishment of judgment matrix is the key of application of AHP. The characteristic feature of 
AHP in human factors analysis (HFA) is quantitative analysis of the qualitative problem and mathematic 
modeling of reviewers’ Exercise Priority. So not much quantitative data is needed by AHP, but all the 
related factors and their interrelation must be define, which is a matter that the final answer is correct or 
not.
2.2. The analysis and basic steps of AHP
(1) Identify the problem. Identify the scope of problem and the relations between the factors. This step 
is not only the basic of approach for AHP but also the key point of entire process. The correctness of the 
logical relations among factors directly relates to the reliability of final result.
(2) Establish the layer structure and matrix A t is the sticking point of this step to clear and definite the 
factors involved in each layer. According to the important degree of each factor that belongs to the above 
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layer, compare the difference between factors, based on the criterion in the table 1. At last, the 
comprehensive effect degree of each factor is shown by the quantization base on the table 1[7].
      Table 1 the significance of 1-9 scale
Scale Meanings
1 comparing two factors, there are same importance 
3 The former less important than the latter 
5 The former important than the latter 
7 The former more important than the latter
9 The former extreme important than the latter
2,4,6,8 Means the middle value between the above result 
reciprocal
If the important degree between the factor "i" and  "j" is bij, then comparing the "i" and 
"j" is bji = 1/ bij
(4) Compute weight vector (eigenvector). Compute each column vector's sum and the weight of each 
factor based on the matrix A and, then construct the new matrix B (weight matrix) as follows.                                    
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      Where CI is the degree of deviation in matrix A , called the criterion consistency of matrix A , 
then we define the CR is consistent rate, RI is random rate of consistency that is changeable with the 
number of factors, see in the table2[4]. When the CR<0.1, we consider the result is reasonable and 
the maxO is index of consistency after normalized.
Table 2 The RI changeable with the No.                                                                                                                                                        
n 1 2 3 4 5
RI 0 0 0.58 0.89 1.12
n 6 7 8 9 10
RI 1.26 1.36 0.58 1.41 1.46
(6) Compute the combined weights based on the table3[7].
Table3 the calculating of combined weights
           Layer R
Layer C
R1   R2  .......  Rm
Order of layer C
r1     r2   .......   rm
C1 C11 C12....... C1m 1
1
j j
j
r c¦
C2 C21 C22....... C2m 2
1
j j
j
r c¦
.......
Cn Cn1 Cn2 ....... Cnm
1
j nj
j
r c
 
¦
3. Analyze the human factors in AIA base on the AHP
3.1. The main factors that cause the AIA 
In the complex circumstance, the human, equipment and environment of aircraft maintenance and 
operate aircraft to impact the human behavior in varying degrees. These factors are interrelated,
interaction and mutual in the safety circumstance.
Meanwhile, due to sustained flight in the winter, workload in aircraft maintenance and aircrew is 
increasing consistently. Hence, the probability of potential danger from exposure to such a condition 
will increase rapidly. Combine case analysis and the expert advice, the module of hierarchical 
human factors in the aircraft icing accident as shown in the table4.
Table4 The hierarchy module of human factors in AIA
Second level Third level
Human factors (R1)
Weak consciousness (C1)
Fatigue (C2)
Unskilled (C3)
Equipment (R2)
Equipment aging (C4)
H-L unfriendly (C5)
Effect factors (E)
First level
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Incomplete regulations
enforcement(C6)
Management (R3)
Short of training (C7)
Ambiguous division (C8)
Improper control(C9)
Fault in exchange information (C10)
Low rate in resource utilization (C11)
Environment (R4)
Degraded environment (C12)
Time pressure (C13)
Economic benefits (14)
3.2. Determine weight value of each factor
According to the advice of expert and the analysis of accidents which have happened, we construct the 
judgment matrix. Compute the w of each matrix and the weight degree of each layer by function (1) ~ (4) 
and we can get the list of factors' weight sort by the important degree. The results are shown as flows.
Table 5 Weight analysis in R-E judgment matrix                                Table6 Weight analysis in R1-Cjudgment matrix
E R1 R2 R3 R4 w
R1 1 3 2 1/2 0.307
R2 1/3 1 1/2 1/3 0.096
R3 1/2 2 1 1/3 0.172
R4 2 3 3 1 0.426
Table 7Weight analysis in R2-C judgment matrix                               
Table8 Weight analysis in R3-C judgment matrix 
Table9 Weight analysis in R4-Cjudgment matrix
R1 C1 C2 C3 w
C1 1 1/2 3 0.3345
C2 2 1 3 0.5257
C3 1/3 1/3 1 0.1397
R2 C4 C5 C6 w
C4 1 2 1/3 0.239
C5 1/2 1 1/4 0.137
C6 3 4 1 0.624
R3 C7 C8 C9 C10 C11 w
C7 1 2 2 1/3 1/3 0.173
C8 1/2 1 2 1/2 3 0.197
C9 1/2 1/2 1 1/3 2 0.134
C10 3 2 3 1 3 0.356
C11 3 1/3 1/2 1/3 1 0.14
R4 C12 C13 C14 w
C12 1 1/3 1/3 0.142
C13 3 1 2 0.525
C14 3 1/2 1 0.333
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3.3. Compute the maxO of each matrix and check the consistency
Computing the max ( 1, 2...5)
i iO  by function (5), then combine the CR = /CI RI checkup the 
consistency of each matrix. If the value is bigger than 0.1, back to the step1, reappraise the weight of 
factors which are included in the matrix until the final result is less than 0.1 and reflect objective reality
and the model will be accepted. The final result as follows:
(1) max
R EO  =4.07716ˈ CR =0.028899< 0.1
(2) 1 max
R CO  =3.0469ˈ  CR=0.0404< 0.1
(3) 2 max
R CO  =3.016ˈ    CR=0.014< 0.1
(4) 3 max
R CO  =5.046,       CR=0.011<0.1
(5) 4 max
R CO  =3.047ˈ    CR=0.0405< 0.1
From above the data, we can see that all the factors of judgment matrix are consisted and we can 
think that the result is acceptable.
3.4. Analysis of the results
The results show that human factor and environment factor are the leading factor of the aircraft icing
accident. The weight distribution which can be obtained by analysis of environment factor and relevant
operators reveals that the human factor is still the leading one of all the factors that affects the safety of
aircraft. However the external environment change weight of the factors that affect the safety of aircraft
has increased. One reason is that adverse natural conditions increase the work load and fidget of the 
people who repair and maintain the aircraft so that the emergency action level of personnel on duty
decreases and they may be prone to cut corners. Another is that in winter, the works may be tired and 
don’t have get enough sleep so that they may be in a lack of concentration, slow in reacting, poor in short-
term memory and have decreased interest and higher error rates. This was consistent with the result which 
has been getting by analysis.
Also, from the total order of all factors, the incomplete regulations enforcement is the most effective of 
14 factors which influence human error; fatigue and time pressure and fault in exchange information in 
turn. The least important factors are unskilled and H-L unfriendly and improper control. So, to reduce the 
probability of human error, every air line should intensify the efforts on the training for maintenance
technician, especially those in the outfield so that all the people concerned must be aware of the hazards 
of the aircraft icing and work in accordance with code requirements. Moreover, only the enough sleeping 
time of the crew is guaranteed and a pleasant working atmosphere is created, does the human error 
happen more rarely.
4. CONCLUSIONS
(1) To obtain the judgment matrix from the historical data or the experts’ assessment of all the 
affecting factors is the key of AHP, because whether the judgment matrix is correct or not can decide 
whether the check of consistency can pass the test or not. With the complexity of aviation incidents, it is 
very hard to analyze them, especially when they are related to the operators’ psychology and physiology
which is very difficult to be quantized. However, we can solve this problem if we introduce the AHP to 
quantize all factors by the judging matrix.
(2) The evaluation process is straightforward if we analyze the human factors by AHP. On the 
condition that the judgment matrix meets the consistency condition requirement, we can rationally assess
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the affecting factors and get the priority order of all the factors’ influence on the final incidents. So the 
decision-makers and managers can clearly find the aspects needing to be improved and existing hidden 
danger. They may also shoot the arrow at the target when they seek for method and approach of reducing 
the aircraft accident.
(3) In the future application, we can adjust the index of chart II to find its feet according to the specific
airport, the specific Air Line and the new social factors.
(4) To sum up the above arguments, because AHP has characteristics of reliable conclusion, 
practicability and precision, we can apply AHP into the analysis of human factors in aircraft accidents as 
a kind of convenient and effective evaluation method. Moreover, allow for complexity and diversity of 
human factors, the analysis of human factors should not be confined to one method, but multiple 
approaches should be resorted to. Thus we can assess the analysis of accidents rationally and effectively.
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